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(PaXFMEESFR EFLRZ, #d K 410013)

B = BHE: HEHE hTERT, hTR B8 RNAT RISHESL, 0Tt BRIP4 T4 hTERT . hTR 3 P X i
20 e s A TS L AN RLYE T SR I A S, DA 30 IR B DA T BT SR I
Fik: AlA PCR M AH M hTERT, hTR B RNAi FREMELL, 45 F A HE AL 240 55 5 I 43 3wl Bk & e
AS549 40T, TRAP-ARYLL K TRAP-qPCR A6 0 ity W 0 4, 70 o 400 A ASCRG: ) 200 ot A 1= e JE1 3
L5 ¥ hTERT. hTR A8 & RNAD RINHERM AT . 528 U0 IRl sl B ko IR A Lh e, TRip ¥
YL ] hTERT s #0H hTR A9 RNAT FAHESR )G, AS49 20 g (1 S br i 0 P 25 0 S BRI, AN TR 3
BRI, 4008 G, FHIFBH BRI, MieA L Y8 m hTERT 54815 hTR /9 RNAi FRIAHERL)S, A549 41
FL A bR AR B 4% [ B Y O B B (1) P<0.05)
L5 ¥ hTERT. hTR 19578 RNAT LIAHELBEAE A KM H A549 40 I i v b B0 P, o5 S 4 I =,
OB R . AN T miRNA SRR HESE A SLRH 5T 8 RN AT H0 R A 2Rk i SRR YT i T H .
KA RIEERS MR ; RNA T4 ; FRikfEs
HFESES: R730.5

Construction of novel RNAi expression cassettes targeting hTERT
and hTR and their application effects

LI Yahong, ZHAO Dandan, HUANG Dan, LIU Lei, ZHU Wenqi, PENG Jianxiong
(Department of Medical Laboratory Sciences, Xiangya School of Medicine, Central South University, Changsha 410013, China)

Abstract Objective: To construct novel RNAi expression cassettes targeting hTERT and hTR, and then observe the effects

of hTERT and hTR gene interference alone or in combination on telomerase activity, cell apoptosis and cell cycle
in tumor cells, so as to find new strategies for tumor gene therapy.
Methods: The RNAIi expression cassettes targeting hTERT or hTR gene were synthesized by overlap extension
PCR. After identification, the established cassettes were transfected into AS549 cells alone or in combination, and
then the telomerase activity was detected by TRAP-silver staining and TRAP-qPCR, and cell apoptosis rate and
cell cycle were determined by flow cytometry.

Results: The novel RNAIi expression cassettes targeting hTERT and hTR were successfully constructed.
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Comparing with blank control group or negative control group, the telomerase activities were significantly

reduced, the cell apoptosis rates were significantly increased and the G1 cell cycle arrest was significantly increased

in A549 cells after transfection of the cassettes targeting either hTERT or hTR gene, and further, the above changes

were more significant in AS49 cells after combined transfection of the cassettes targeting hTERT and hTR gene

than in those transfected with either of them alone (all P<0.05).

Conclusion: The expression cassettes of novel RNAI targeting hTERT and hTR can effectively inhibit the

telomerase activity, induce the cell apoptosis and change the cell cycle in A549 cells. Novel RNAi technology

based on the artificial miRNA expression cassettes is expected to become a new tool in tumor gene therapy.
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CLC number: R730.5
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Ui L il 2 2 EC A AR W G o R s R S BE T T
AW, PO i BL 3 % Sk (WTERT ), A i kL
MFRNAZL Sy (hTR ) K stk filf A5G 2 (LA s o
LT 1) ST 5 P R () & AR UTA O, 90% e A
(18 N5V 8 o 5 ] G T ) s e %

ANTmiRNAD N EMmiRNARIA (pre-
miRNA ) HH%, pre-miRNAKH > F 51
e B 08 5 TS An i, R PR
miRNARR LI F VIR, A TSR, #
PEARERE A, TP RNATHL (RNAI) )
FET AP R Z I & T 2R+
PhTERTH KRN AT B HER T HAH AT
miRNA 2 A HE 4% v 4 BEh TERT . h TR %L [H [] i) ik
111 e B BF 5 P A0 i oK DL I . AR S ) R
APCRIEF RRNAIRIKAEL, F I hTERT
hTR A T-miRNA 3R 35 HE 42 5l J Hh % YL A549 48
Mi48h)E, REHAM LKA THITERT . hTREEH
XiF A5 49 it v R I 9 I RN 40 3 B A R R, B8 UE
JE A RN AR A HE G A A R0, DU by iy 2 IR
TR IT TR BT 1k A s A A

1 HESE

1.1

AS4940 N ( AR /IN20 i fili 98 20 i ik ) ph A< 52
R AE, pRNAT-U6.1/Neo ( 32[EOligoengine
NHE] ), Ex Taq DNARAH ( REFEMAF) ,
ki /NEIRF] £ . Taq Master Mix, MgCl,, dNTP,
Taq DNARGEE (JLFEKMAE ) , SYBR Green
Master Mix ( HZA&ToYoBoNH] ) , 64 [fﬂ/%( o
MIMZEFAA) , 1640415 (£ EGibeo
AF ), AnnexinV/PIXURIA A &, Cell Cycle
Staining Kit (HUMEERHEY A F ) , PCR&™ ¥4k

© WA )T i [ & F I F 2P H

LX) £ . lipofectamine-2000"4% Y43 7 ( 3 [
ThermoA W] ) o A 51¥) M H WP 5 B H 11
AT A A

1.2 Fi&

1.2.1 RNAI R A ERMHER ST FIH RNAI
e 2% ¥ it # 1F “BLOCK-iT™ RNAi Designer”

(Life Technologies 2 # ) %I %f hTERT . hTR %k
ol it 2 &84 S T HF 9 (51 XF hTERT 2%
2760-2780 v f5 A1 3877-3897 i f5; %X} hTR
LN 44-64 57 SR 143163 7 25 ) K 1 2 BEHLXF
MR Bt, 2 BLAST HEBR ARy = tERE P 5. =
5 NVEPE miRNA-30 (19 45 ¥4 15 1 9 a7 i 32 )5 5]
() RF 5P T 46 miRNA, HJF 5]k 5'-CAG AAG
GCT AAA GAA GGT ATA TTG CTG TTG ACA
GTG AGC Gpre-miRNATGC CTA CTG CCT CGG
ACT TCA AGG GGC TAC TTT AGG TTTTT-3' (
R 2% bR vE 3 20 9 AR ME miRNA-30 14 5 35 Al 3" i
M3 751, pre-miRNA R4 5FPE miRNA BiRS5H,
TTTTT J U6 Ja sh F& 1751 ) o Bk T35 51
SCEER 5 s 19 AL, Hazmk S U6 JH g
T 3" Ui S 1) ELAN, WS IR 3R S 0 R Bod 44 ok B
N, LA TAEY AR E B pre-miRNA 1751
539K GGA AGA CAG TGG TGA ACT TCC TAG
TGA AGC CAC AGA TGT AGG AAG TTC ACC
ACT GTC TTC C ( hTERT 2760-2780) ; TGG
GAA TTT GGA GTG ACC AAA TAG TGA AGC
CAC AGA TGT ATT TGG TCA CTC CAA ATT CCC
A (hTERT 3877-3897) ; GTC TAA CCC TAA
CTG AGA AGG TAG TGA AGC CAC AGA TGT
ACC TTC TCA GTT AGG GTT AGA C (hTR 44-
64) ; GCC TTC CAC CGT TCA TTC TAG TAG
TGA AGC CAC AGA TGT ACT AGA ATG AAC
GGT GGA AGG C (hTR 143-163) ; TTG ATC
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CGT ATT AAG CGT GAG TAG TGA AGC CAC
AGA TGT ACT CAC GCT TAA TAC GGA TCA A
(FEALX AR FBE ) o Bk /N5 & 4R B U6 s
Ty R alt D% VA pRNAT-U6.1/Neo, Primer Premier 5.0
BAOFBEE S8 P, P2, P3, EiA PCR A AT
miRNA FLHER (& 1) o 514 P1. P2, P3W)F
153518 5'-GAA GCA TGA ATT CCC CAG TG-
3'; 5'-CGC GTC CTT TCC ACA AGA TA-3'; 5'-
AAA AAC CTA AAG TAG CCC CTT G-3', PCRI
() 2 07 A4 22 AL 45 B R DNA B Al 50 ng, 10 pmol/L
L. FWESI Y PL. P2 4 1.4 pl., 2 x Taq Master
Mix 25 pL, K@ DDW #MERFLE 50 ul. fEHS
. 94 C 3 min; 94 € 30s, 60 C 30s, 72 C
1 min, 3£ 33 MEER; 72 °C 5 min, PCR2 F R 14
Z A5 ANTP Mix 4 puL, 10 x Ex Taq buffer 5 uL,

U6 Jii s F F1 K B: N 43 51 it 100 ng ( PCR2 LA U6
Ja B F R Be N BN BRI G4, R AER 4 Rn
fill & PCR W AE M J7 17 ) ,  ExTaq fiff 0.25 pL, X
# DDW b B AR 2 472 uL, fEH S 5. 94
3min; 94 C 30s, 50 C30s, 72 C 1 min, 61
PE¥R ., PCR3 [V Z N AE PCR2 74 iy K&t E
10 umol/L /Y . RS9 P1. P3 45 1.4 L. fE ¥
S8 94°C 3 min; 94 C 30s, 64 C 30s, 72 C
1 min, 330 MEH; 72 C 5 min, ER=48
2825 /L BN BEBE RS Uk, JFk LG T AEY
A HEAT DNA 7, [AEF RNA fold Web Server [
Ul TN AR S PE miRNA LIPS RNA 204540 .

P1 PCR1
e
U6 Jrsh 1
D S
P2
U6 Ja s+ PCR2
.............. )
B P
BN
Pl
> PCR3 {
<
P3

E1 RE& PCRWEATL mRNA RIFERTEE  —
R EANCE; P1, P2, P32 PCR 514
Figure 1 Schematic drawing of the construction of artificial
miRNA expression cassettes by overlap extension PCR
= : reverse complementary region; P1, P2 and P3:

PCR primers

© WA )T i [ & F I F 2P H

1.2.2 Wi % HE&10% 564 mig
1640 4 il 55 32 W AF 5%CO0,, 37 °C 1R IR b 55
FE AS49 A . OB AE K B A i 4 A T 6 LR,

R MRS 1k 50%~60% I} lipofectamine-2000"
e e R E AT A0 M B e s DL B e iR A o
X R, Bl HL T 50 4 P X B2, SE56 40 4y
Sk Boph T4 hTERT . hTR ZE P H miR-1 (hTERT
2760-2780) , miR-2 (hTERT 3877-3897) ,

miR-3 (hTR 44-64) , miR-4 (hTR 143-163) 4
K W5 % B4 T 48 9 miR-2+4 (hTERT 3877-3897
TR 143-163) 4. WHEE LK 3 K,

1.2.3 TRAP— 4R ¥ ktom sk bl id e 5L 48 h
JE YR AN, 4% Kim 35 1 240 40 A . iR I 95
R W RE 5 PRSI o TS A ACK, R SRR N

5'-AAT CCG TCG AGC AGA GTT-3'; 5'-GCG
CGG[CTTACC],CTA ACC-3', 30 pL 2 I & %

dNTPs (0.5 mmol/L ) , 10 x TRAP buffer, MgCl,
(15 mmol/L ) 45 3 pL, 40 24 fif i ( & A k¥
300 ng/uL) 4 pL, TS (10 umol/L) 1.5 pL, KM
DDW13.6 pL, 25 °C 30 min; 94 C 3 min; ACX
(10 umol/L ) 1.5 uL, Taq DNA B4 (5 U/ul)

0.4 ul, TEHZE: 94 °C 30s, 55 C 30s, 72 C
1 min 3£ 35 1 #F; 72 °C 5 min., PCR /=¥ &
12% 58 V9 M Tk i 56 J5g P K I A PR AR e 2

1.2.4 TRAP-qPCR # M 3% # B & = TRAP-
qPCR % {951 4[5 TRAP- 4R %3k, LI TSR (5'-
AAT CCG TCG AGC AGA GTT AG [GGTTAG],-3")
KA AE S B ST AR E R LR, X TSR MEATIELE 5K
10 f5H R, W50 (#5010 /ul) © 6.02x 107,

6.02x10°, 6.02x10°, 6.02x 10*, 6.02x 107,

20 puL X WA % : SYBR Green qPCR Mix 10 pL,

ACX (10 pmol/L) 0.4 puL, TS (10 pmol/L)

0.4 pL, 4 A 24 f% i (& R B2 300 ng/pl) 5%
TSR 2 puL, 50 x ROX 0.4 pL, 7K W ZE Kb 2 14
& 20 pL, 25 °C 30 min, 95 C 10 min; 95 C
15 s, 60 C 40 s, 340 MEIH . bR FIZE A
A H S 3K,

1.25 AXénmeA s dFEY 48 h g HA
F EDTA MJEE AR, B0 5% 10° 441
i, HC 500 pLl x Binding Buffer B & 41 0, A
5 uL AnnexinV-FITC Fil 10 uL PI, BRI EF =
TEEEEIEE S min, T4 ACKE I

1.2.6 AXAm iR MG 48 h 5l
S5x10° A 4iE, B.oF B, 0.5 mL PBS &
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AEIFINE 1.5 mL FKIK S B, -20 CRE
WM, BOFFLWE, MA 2 mL PBS & 15 min,
B3 3, WA 1 mL DNA staining solution,
WA, ZEEGEDEIEE 30 min, i 40 A ORI
1.3 GitF4hE

N ST AESPSS 18. 08T Gu 2440 #, %k
PELAAME « bRufE2E (X +s) o, 4100 & FH A
RO 250, PIM ] LLEFHLSDR 3% (U7 25 5% ) B¢
Dunnettf 5 ( J7 22 A85F ) , P<0.05IA K2 5% A 4

S-S

2.1 RNAI RIXIERWETE

Tt I W O M P Uk 45 SR B OR Al PCRE W A B
K H482 bp, SR8 (K2) ; MF4
REIRYHDNAT G 5T RNAIRAHES —
#; RNA fold Web ServerTilRNA 2454y, Fil
M55 3R S miRNA TR 55 19 254 5
N TEPEmMIRNA =308 0 25 ¥4 i AR B

M 12345673 89101112M

600 bp
500 bp
400 bp
300 bp
200 bp
100 bp

2 IARMERARCEIKE  M: DNAGRE T 1-2: U6 JH
2 (340 bp) 5 3-7: Z5IEEXE hTERT 2760-2780.
3877-3897 fii &, hTR 44-64. 143-163 {iL s Fl B 1k
X REAY A BEN (161 bp) 5 8-12: 433l 1 %I hTERT
2760-2780. 3877-3897 {ii i, hTR 44-64. 143-163
ARSI AT miRNA FIAHESE (482 bp )

Figure 2 Agarose gel electrophoresis M: DNA marker I; 1-2:

U6 promoter (340 bp); 3-7: Sequences N targeting the site of
hTERT 2760-2780 and 3877-3897, hTR 44-64 and 143-163,
and negative control (161 bp), respectively; 8—12: Artificial
miRNA expression cassettes targeting the site of KTERT 2760-
2780 and 3877-3897, hTR 44-64 and 143-163, and negative
control (482 bp)

2.2 TRAP- $R 3%k E 148 I i AL B E 15
RGN, SR, 3w
(miR-12H . miR-2%H . miR-34. miR-44H ) A549

© WA )T i [ & F I F 2P H

A R A TR o | B N I O 1 I R o
hTERT. hTREK S TILAH (miR-2+44H ) 40} s
7 il 0 P 0 ) e A S s B MR X R R DL B
(K3) .

B 3 TRAP-SREZXQMIKHIEEYM  M: pBR322 DNA/
Mspl bR 1. BB QAR ; 2. =5 FXT
HEZ1; 3-7: 43 51°W miR-1, miR-2, miR-3. miR-4 I
miR-2+4 21 ; 8: FPEXIRZ

Figure 3 Telomerase activity determination by TRAP-silver

M: pBR322 DNA/Mspl marker; 1: DDW

group; 2: Blank control group; 3-7: miR-1, miR-2, miR-3,

staining

miR-4 and miR-2+4 group, respectively; 8: Negative

control group

2.3 TRAP-qPCR & E = i s i1 B i 1

TRAP-%¢ % & P CR K I 3 ok: i 1% M
LA v 7 i S A1 7 B ) S R B W it R O R, A
WEFZ4MExR, AR ERFAHITEE XL
(F=88.78, P<0.05) . BFIMEXJHE4] 525 X 4
Feds, 2RI H#E X (P>0.05) ; KK
55 B X R4 LA, i R 9 T 38 A2 2 OK [R) R
I, H2ERWAESEIE X (¥P<0.05) ;
A THA S & TP al b, b i 75 M F
— R (#P<0.05) (1) .

# 1 TRAP-qPCR ki il imHi itk
Table 1 Telomerase activities detected by TRAP-qPCR

ZH 5 EHEE ($5DL /ul) bt
25 A A ZH 300 592.23 28 183.76
BN e ik 310 190.10 33216.31
miR-1 41 110 376.24 32 675.11
miR-2 2f 68 803.28 5527.44
miR-3 4 150 469.80 10 915.96
miR-4 £ 75 871.33 5 402.65
miR-2+4 2 30208.11 4739.74

2.4 e pE T &

TSR I 45 R B, ASA9L iU 4% 4H Y 40 i 0 T
FOPE SAXIEA (4.62+0.70) %, FAYEX IR
4 (6.38+1.26) %, miR-14] (24.23+1.07) %,
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miR-241 (24.62+2.12) %, miR-34]
(17.85+1.23) %, miR-441 (21.13+2.11) %,
miR-2+44H (28.36 +2.09) %. BAPEX WA 52

A 41

SN =

BT 4 20 40 M 0 T SR % A MR (8
P<0.05) , BcA& T4l (miR-2+4) 400 TR 4%
AT B (P<0.05) (E4)

HXFRA LR, 25 Kg%i#E X (P>0.05) ;
BHPE XS HR AL miR-1 41 miR-2 4
104 10 10
o 10°4 e L;?'j?‘ 10
3 -.'- 3
~ 107 =10 s = 10
104 . 104
10’
01 10'4 10'] &5
10* 10° 10°  10* 100 10° 10° 10'  10° 100 10° 10’
Annexin V Annexin V Annexin V
miR-3 ZH miR-4 ZH miR-2+4 24
10 10’ 10
4 S 4 el 4
10° o 10 e 10*
v . : .
i 10 — = 10
- 10% 10
10 10 45
10'  10° 100 100 10 10°  10° 100 100 10 100 10° 100 100 10
Annexin V Annexin V Annexin V
Bl 4 AnnexinV/P| X446 i 20 penE - 2
Figure 4 Cell apoptosis detected by AnnexinV/PI double-staining
2.5 X4 28 A JE) BA

oK s R W R AS4940 L G
S ESHESHAT 25 N = HXBEA
(33.67+1.36) %. (37.27+1.12) %; BAEXS
M (34.14+1.30) %, (36.62+1.14) %;
miR-1 (46.43+1.31) %. (31.17+0.93) %;
miR-2 (48.67+1.36) %. (29.15+0.94) %;
miR-3 (42.31+1.19) %. (33.41+1.20) %;
miR-4 (47.61+1.37) %. (28.82x1.11) %;
miR-2+4 (59.58 +1.42) %. (25.25+0.97) %,
A X B2 5 28 (O R A, G RIS A 1 25 57
TGt L (P>0.05) 5 & T 041 40 o 4 B vk
X REZH G T LL A5 B R, ST EL BB B A A (3
P<0.05) , A T4 B TP dl X AS4940
MLG JH A S 52 BT i (#4P<0.05)

O MR o F B FAEPH

it

3 it
i oRE kLAY & B KRR G B AR TR A,
NI MR B DR AR AT — A B 8 1 )
ARV i R 0 i 3 e I s I 40 M A5 TG PR
WA RS, RN E NI IE o A, v
*m@aééﬁlzijﬂflﬂﬁé%mﬂﬁéﬁﬁgﬁmxz—o
hTERTHhTRAE A sty R g 19 F AL, S 2 5 b
filg i ME ) FEZ R A 1 B ThTERT S h TR
FEEAEM, WHE R T DT B v b i D) RE Y B 2
AR B FhTERT ShTRAGRNAH R A E Al
iy 35 PR R 97 B AR T HL

SR AN fuf 52 30 % 22 A7 B RN A 2 — A iR
R ey B, siRNAR B R IR &5 WM
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miRNA 8 2 & A 58 G T AR FLmi RN A B 4= ) 27 3)
e, B RO T G A TR B b R
miRNAVE Ry IR VERG s W), R & 2R AR
PEsiRNAF T "™, 2T miRNAMRNAIF A B
MR R A7 OC . ARSI E ORI T I T R
PEmiRNA-15509 A TmiRNAFIEHELL , H 3
MAFRhTERTHEH " ZIbE & AR5 &t
THF APEEMIRNA-30/ A T.miRNA F A HELE
SR D B ASMEIE R . GuERR BITTI2R)E 3h F
BIKRBS FHRESCEE S, LUU6Es) 7 HR
i, ORISR U6 s FE R SFS, &%
AN VEHEmiRNA-30 0 32 5 51 FIRT AR F, ik
T M B3 TN TmiRNA KA HEZE . A X
AL TR B R T R A B, RS PCR 24 hNED
AL %R IRHESE , R YL 148 h)5 BRI AT 17
THRCR W PEAL, JER . BAER R, BRI T
(AN O T R i AP 295 v S B U K AN

A SEH N T omiRNA 2 ik HE 22 [6) i) %f
hTERTHATh TR I #E17 40, 45 5 3 W] sk -4
hTERT 2760-2780., 3877-38974 & FIIhTR 44-64 .
143-163 157 55 34 REAM Hil A 549 20 M B i b i 75 1
VA M T, O R A R R I B ARG BT, L
hTERT 3877-3897{v s5 AhTR 143-1631v 45 1)+ 4k
RO T G, LG T M T X o
L it FIT 448 3 5 A S e B 2 . B miRNA E 2
YER T3 AE B¢ X (3'UTR ) , HhTERTHIhTR
HERWBEG THE - TN EN T, X5
HABETE 25 4508 — B0, AR SE L T A1
T — T B S S PR R R O R R A K
TH, [A#AZBhTERTHWTREE H A HEA T P20
il A 549 20 B vy o7 8 355 P4 R B2 ) 200 i 14 B 0 A RO
Be, A AR R AL TR S5 . RN TR
AN T miRNA A HE SR B8 & 4F ] T 00 2 (1% 40 il
K OE A WG R AR, X T T 20 ROk
TRE MU

&k
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